continued her groundbreaking studies on the ubiquitin system.
The ubiquitin system enchanted Cecile-she once described it as infinitely seductive. Indeed, after joining Irwin Rose's laboratory as a postdoctoral fellow, she never seriously considered another area of study. 1982 was a good year for Cecile to begin working on ubiquitin with Irwin Rose. During this time period, Avram Hershko and Aaron Ciechanover visited Rose frequently (their collaboration on the enzymology of ubiquitination resulted in the award of the 2004 Chemistry Nobel prize). As is often the case, the importance of this work was recognized only in retrospect, and for a junior scientist such as Cecile to dedicate her career to a little known protein modification was in those days a risky call.
Although the enzymes involved in the ubiquitin pathway were new and mysterious, Cecile began to describe these enzymes to the world as though she had obtained the answer sheet. The expertise Cecile had acquired in her graduate studies with Bill Jencks at Brandeis University had given her a unique perspective on ubiquitination and specifically on the chemistry of thioester bonds, which are formed by various enzymes at the C terminus of ubiquitin. The conjugation pathway was at this time envisioned as a simple sequential one, consisting of three enzymes: E1, E2, and E3. Cecile established that E2 activity is found in a family of enzymes, each with a distinct specificity (Pickart and Rose, 1985) , a family now thought to have over 40 members. She was the first to realize that the general organization of the system was not linear but hierarchical. Thus, we now envisage this as a system in which ubiquitin is activated by a single E1 and passed to one of many E2s, which in turn cooperate with E3s that number in the hundreds. Cecile cleverly defined the division of labor between the E2 and E3 factors by showing that although E2s depend on E3s for conjugation of ubiquitin to proteins, E2s could donate ubiquitin to free lysine residues in the absence of E3. This implied that E2 enzymes were the direct donors of ubiquitin to lysine residues in proteins, with E3s selecting the protein to be conjugated. Soon thereafter, Cecile deciphered the mechanism of deubiquitination and in the process found a way to convert the C-terminal carboxylate of ubiquitin to an aldehyde. The resulting derivative, ubiquitin-aldehyde, proved to be a powerful inhibitor of deubiquitination and is still widely used.
Once Cecile established her own laboratory at SUNY-Buffalo, she began to reach across disciplines to develop a deeper understanding of ubiquitin-dependent processes. She probed all aspects of the ubiq-uitin system in her unique style. Even the proteasome did not escape her attention, although it was at the time considered by most hard-core biochemists to be too large and awkward for serious study.
A particular innovation of Cecile's was to use the enzymology of ubiquitination as a tool for discovery. Thus, by taming one enzyme she could probe another. The strategy was not so different from that pursued by molecular biologists, who refined cloning through the use of restriction enzymes, polymerases, and DNA ligases. However the creative use of ubiquitination factors as reagents was unique to Cecile. In the analysis of ubiquitination, chain length and chain topology were the variable features, and she learned to control them both.
The strategy first surfaced with her lab's discovery of an E2 enzyme that had the unexpected capacity to synthesize ubiquitin chains in the absence of substrate. The resulting chains were linked specifically through Lys48 of ubiquitin. The importance of Lys48-linked polyubiquitin chains in protein degradation was known at the time, but details were sketchy because systematic analysis awaited new methodology for experimentally dealing with the complex, heterogeneous, and metabolically unstable structure of the chain. Cecile recognized the potential of large-scale enzymatic synthesis of free, rather than substrate bound, polyubiquitin chains. But, not satisfied, she also devised a beautiful scheme in which chemistry and enzymology were used in alternation to achieve the synthesis of homogeneous ubiquitin chains of defined length (Piotrowski et al., 1997) . This allowed her to elucidate the structure and function of ubiquitin chains on many levels. Without her clear vision and technical wizardry, this central player in the ubiquitin system would still be a black box.
Cecile used these free ubiquitin chains for pioneering studies of the intricate interactions between ubiquitin and the proteasome (Thrower et al., 2000) . One critical discovery was that the recognition site of ubiquitin was a small hydrophobic patch on its surface (Beal et al., 1996) . Since then, tens of ubiquitin receptors have been identified, with both proteolytic and nonproteolytic functions, and this flood of studies has pinpointed the hydrophobic patch as the unifying element underlying recognition of conjugated ubiquitin.
Cecile also put great effort into generalizing her strategy for the synthesis of free ubiquitin chains with linkage sites other than Lys48. She identified an E2 enzyme, Ubc13, that produces Lys63-linked chains, as well as a second factor, Mms2, that works with it (Hofmann and Pickart, 1999) . Mms2 looks like an E2, except that it lacks the active-site cysteine through which E2 enzymes covalently couple with ubiquitin. It had been difficult to imagine what Mms2 and other factors that mimic E2 enzymes might be doing in the pathway of ubiquitin conjugation. Cecile discovered that such proteins do not compete with Ubc enzymes to inhibit ubiquitination, as had been thought; they instead play a positive role in chain synthesis, effectively specifying the chain linkage site by holding ubiquitin in place during chain elongation. By identifying the core machinery for the formation of Lys63-linked polyubiquitin chains, Cecile's work provided deep insight into how ubiquitin chain function can be redirected from its proteolytic role to its more recently recognized nonproteolytic functions in DNA repair and signal transduction.
Over the last decade, Cecile probably did more than anyone to shape the ubiquitin field, thanks not only to her publications but also to the endless energy she put into reviewing papers and grants and organizing conferences. Happily for the field, she was exceptionally even-handed. This record of achievement and service would constitute a lifetime's contribution for most of us, but it is in many ways overshadowed by her involvement in, and dedication to, graduate education and professional mentorship. Of the 20 graduate students who passed through her laboratory, each has either received a PhD or is actively working toward one. Cecile also served on the Dissertation Committees of more than 50 other students. She mentored numerous junior faculty colleagues and was always ready to give insightful and constructive critiques of grants and manuscripts. More significant than the sheer number of such interactions was their depth and rigor. She met weekly with each student and postdoc, troubleshooting, encouraging, challenging, and inspiring each one. Cecile worked in the laboratory regularly, so she never lost her knack for seeing where a student or their experiments were encountering difficulties. Once identified, the problems were addressed in a collaborative and nurturing fashion. Her students admired her immensely. Cecile had an unwavering do-it-yourself mentality. Her rotation students were required to figure out buffer concentrations using the Henderson-Hasselbach equation, rather than a pH meter, notwithstanding the bizarre outcomes that sometimes came of this. She assumed the responsibility of shipping the multitude of reagents she shared with the ubiquitin community, often preparing them herself. Cecile even maintained the laboratory stock of proteasomes, taking it upon herself to obtain the freshest samples of tissue at the local kosher slaughterhouse. After one such trip Cecile, out of breath, arrived late for a thesis committee meeting, having waited three hours for the rabbi.
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Cecile was a delight to be with, down to earth and skillful in chronicling life's absurdities. An accomplished classical bassist, she shared her love of music as well as literature in such an enthusiastic fashion that we all felt inspired and renewed, if a bit unschooled in comparison. Her students were a source of much joy and pride to her. Cecile was very concerned about the effect of her illness on her students, and as her cancer progressed, she focused her energy on helping to map their futures.
Cecile died peacefully at her home, surrounded by family and friends, and wrapped in an embroidered shawl from all of her students.
If only all of us could go wrapped in such love. Her pioneering work and generous spirit set a high mark for all of us to aspire to, both young scientists and old.
Daniel Finley
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